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(57) ABSTRACT

The invention relates to a leaf module (102) for a multi-leaf
collimator (132), comprising a leaf unit (104) and a leaf
drive unit (106), wherein the leaf unit (104) comprises a leaf
(108) for shielding beams from a selected area, and the leaf
unit (104) is mounted displaceably in an adjusting direction
(110), wherein the leaf drive unit (106) is designed to
displace the leaf'unit (104) linearly in the adjusting direction
(110), and wherein the leaf drive unit (106) comprises at
least one drive mechanism (112), being designed in such a
way that the drive mechanism (112) operates based on
pneumatic actuation. Furthermore, the invention relates to a
multi-leaf collimator (132) comprising a plurality of leaf
modules (102) according to the invention. The invention is
based on the objective of designing a leaf module (102) and
a multi-leaf collimator (132) as compactly as possible, while
achieving a simple, reliable and variable adjustability of the
leaf unit (104). The invention is regarded to be particularly
suitable for implementation in Cobalt-60 or mid- to low-end
linac radiotherapy apparatuses.
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LEAF MODULE FOR A MULTI-LEAF
COLLIMATOR AND MULTI-LEAF
COLLIMATOR

The invention relates to a leaf module for a multi-leaf
collimator, comprising a leaf unit and a leaf drive unit,
wherein the leaf unit comprises a leaf for shielding beams
from a selected area, and the leaf unit is mounted displace-
ably in an adjusting direction, wherein the leaf drive unit is
designed to displace the leaf unit linearly in the adjusting
direction, and wherein the leaf drive unit comprises at least
one drive mechanism. Additionally, the invention relates to
a multi-leaf collimator.

Various embodiments of multi-leaf collimators compris-
ing leaf modules each featuring a leaf unit and a leaf drive
unit are known in the art. Multi-leaf collimators of such kind
are preferably employed for controlling a shape of a high-
energy radiation beam emanating from a radiation source
and propagating in a direction of propagation.

Multi-leaf collimators are commonly used in treatment
devices for oncological radiation therapy. Said collimators
delimit high-energy beams, such as high energy radiation of
a Cobalt-60 (Co-60) radiotherapy apparatus or a linear
accelerator (linac), in such a way that the beams have
exactly the same shape as the treatment object. Since such
irradiation, e.g. of a tumor, occurs from various directions,
it is possible to achieve a great irradiation intensity of the
tumor and, at the same time, to stress the surrounding tissue
only to a limited extent.

The leaves of the multi-leaf collimator may also be called
“shutter blades” or “lamellae”. The multi-leaf collimators
may also be called contour collimators since due to the
positioning of the leaves, contours of treatment objects, for
example tumors, can be recreated for each beam application,
each of which occurs from a certain solid angle. This is
important in order to protect the adjacent healthy tissue to
the greatest extent possible. In the case of organs at risk,
such as spine or nerves, this is particularly necessary in order
to preserve their functional capability.

A general example of a multi-leaf collimator comprising
leaf modules with a leaf unit and a leaf drive unit is
obtainable from U.S. Pat. No. 4,794,629. In such multi-leaf
collimators, each leaf unit must be moved into a certain
position. Thus, in most cases, a leaf drive unit must be
assigned to each leaf unit. According to the aforementioned
publication, no separate motor is assigned to each leaf unit,
which is why the leaf units are arranged in series by means
of drive couplings and locking devices. However, it has also
been known to assign an electric motor to each leaf unit that
positions the leaf unit via a pinion and a gear rod-like drive
engagement. As a matter of course, although yielding reli-
able and exact results, such collimator designs are compli-
cated and costly.

Several proposals have also been made to employ drive
mechanisms operating based on piezoelectric actuation
within leaf drive units of leaf modules, e.g. according to
printed publication US 2009/0041199 A1. This printed pub-
lication generally discloses a leaf module for a multi-leaf
collimator and a multi-leaf collimator of the kind mentioned
at the beginning of this specification. However, again, such
devices are predominantly designed for up-to-date linac
radiotherapy machines, being extremely costly, complicated
and subject to regular and specialized maintenance.

Despite some undisputed technological and practical
advantages of modern linacs over Co-60 radiotherapy
machines, the latter still occupy an important place in
radiotherapy, mainly because of the considerably lower
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capital, installation and maintenance costs of Co-60
machines compared with said linacs. In the developing
world, Co-60 machines, because of their relatively lower
costs, simplicity of design and ease of operation, are likely
to play an important role in cancer therapy for the foresee-
able future. Summarizing, besides sophisticated and costly
designs as outlined above, a demand also exists for leaf
modules and multi-leaf collimators of the kind mentioned at
the beginning of this specification, however being suitable
for mid- and low-end radiotherapy machines, be it Co-60,
linac, or the like.

For such machines, manually adjustable leaf modules and
multi-leaf collimators are known. Particularly for small
collimators (e.g. micro-multi-leaf collimators) and mid-size
collimators rather simple technical solutions have been
proposed, wherein the leaves may be adjusted manually or
supported by a suitable spring force. Commonly, in order to
predetermine a desired shape of the irradiation beam, or,
with other words, to select the area to be shielded from
beams, a template may be inserted into the collimator. Then,
manually and/or based on said spring force, each leaf will be
displaced in the adjusting direction and directed towards the
radiation source until it abuts the template with its front end.
Subsequently, the leaf may be locked in place, and the
template may be removed. In an alternative, the template
may remain in place if it does not interfere with the
radiation, e.g. if it is made of a suitable material such as
PMMA, and a suitable spring force will be at disposal to
keep the template in its place. In yet a further alternative, the
template may be kept in place by screws, pins, or the like,
for instance in micro-multi-leaf collimators.

However, leaf modules and multi-leaf collimators known
in the art and as outlined above also exhibit serious draw-
backs.

During an irradiation treatment, the irradiation head usu-
ally has to be moved into various but defined angles with
respect to the target volume, e.g. the tumor. Thus, it is
desirable to design such a collimator as compact and light-
weight as possible. In each new position, the collimator has
to be readjusted to comply with the updated radiation beam
shape needed in the new position. It is however obvious that
in gantry positions differing from the initial position (which
is the 0° gantry position), a manual displacement of indi-
vidual leaves is hardly or not possible due to limited
accessibility of the drive unit and/or the weight of the leaves.
Thus, manually operable collimators may usually merely be
adjusted in the 0° gantry position. This leads to an unsatis-
factory variability of the adjustability of the collimator,
substantially prolonging and complicating the irradiation
treatment.

As outlined above, leaf drive units may comprise a spring
to promote adjusting of the leaf towards the radiation source.
Usually, for such purpose, tension or compression springs
are employed, acting upon the leaves via a suitable redirec-
tion of the spring force. However, if the gantry is out of the
0° position, the springs will be too weak to displace the
leaves due to the added leaf weight being effective in the
adjusting direction, and the opposite side springs will be to
strong, displacing the leaves with too much force. Hence,
again, such collimators may usually merely be adjusted in
the 0° gantry position.

Additionally, when applying tension or compression
springs in the leaf drive unit, a steep load deflection curve
(i.e. steep spring characteristics) must be regarded as being
unfavorable due to highly varying spring forces when
adjusting the leaves. Thus, very long and considerably
pre-loaded springs will have to be employed. However, such
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springs will result in an unwanted enlargement of the
collimator. Consequently, due to the increased scale of the
irradiation head, the clearance between the irradiation head
and the patient will have to be enlarged, diminishing the
desired impact of radiation and even preventing the irradi-
ating in certain gantry positions altogether.

The invention is therefore based on the objective of
relieving at least one of the drawbacks as outlined above.

The invention is additionally based on the objective of
designing a leaf module for a multi-leaf collimator and a
multi-leaf collimator of the kind mentioned at the beginning,
respectively, in such a way that with a design of the leaf
module being as compact as possible, a simple, reliable and
variable adjustability of the leaf unit is achieved.

This objective is attained in accordance with the invention
by the subject-matter disclosed in the independent claims.
Preferred embodiments which may be realized in an isolated
way or in combination with other preferred embodiments are
disclosed subsequently and in the dependent claims.

Thus, in a first major aspect of the present invention, a leaf
module for a multi-leaf collimator of the kind mentioned at
the beginning is designed in such a way that the drive
mechanism operates based on pneumatic actuation.

According thereto, the drive mechanism is adapted to
employ pressurized gas, in particular air, in order to displace
the leaf in the adjusting direction, in particular being
directed towards the radiation source or a suitable template
which defines the desired beam shape. This may for instance
be achieved by an air spring, pneumatic spring or air
suspension being comprised by the drive mechanism. The
drive mechanism according to the invention may achieve
maximum compactness, in particular when being compared
to common springs as discussed above. For instance, air
springs or the like may at least partly be integrated with the
leaf unit, reducing the overall length of the collimator as
seen in the adjusting direction.

The drive mechanism according to this proposal will do
away with the need for manual adjusting of the leaves. Also,
no long and considerably preloaded springs will be needed
within the drive mechanism, also getting rid of means for a
suitable redirection of the spring force which are otherwise
needed at least when using tension springs.

Thus, a compact and simple design of the leaf unit may be
attained, permitting a minimum clearance between the irra-
diation head and the patient.

Also, the drive mechanism operating based on pneumatic
actuation will allow for an adjustability of the leaves in any
desired gantry position differing from the initial 0° position.

For any gantry position, a gas pressure being sufficient but
not too large to adjust the leaf may be supplied to the drive
mechanism, clearly outperforming the potential of manual
or common (tension) spring adjusting.

Additionally, the drive mechanism operating based on
pneumatic actuation may be designed to exhibit any desired
load deflection curve (i.e. spring characteristics) when
adjusting the leaf. Preferably, a flat load deflection curve
may be achieved by appropriately configuring the drive
mechanism, without having to enlarge the size of the mecha-
nism to an unfavorable extent compared to a solution based
on common (tension) springs.

The term “leaf unit” as used herein generally relates to a
unit comprising a leaf. Therefore, in general, it is not
necessarily required that the leaf unit comprises any other
component apart from the leaf. However, without departing
from the inventive idea, a leaf unit according to the term
used herein may just as well comprise other parts aside from
the leaf, as will be described below in detail.
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The term “leaf drive unit” as used herein generally relates
to a unit comprising at least one drive mechanism adapted to
displace the leaf in the adjusting direction. The leaf drive
unit may comprise one or more drive mechanisms, for
example one drive mechanism adapted to displace the leaf
towards the radiation beam (or the template, if applicable),
and one drive mechanism to retract the leaf from the
radiation beam (e.g. in order to allow the insertion of a
different template). The unit may comprise further means,
such as means for mounting the leaf in the adjusting direc-
tion. It is not necessary, however, that the leaf drive unit
should generally be distinguishable from the drive mecha-
nism. For instance, in case a leaf drive unit comprises a
single drive mechanism, the drive mechanism might be
regarded as being configured integrally with the leaf drive
unit. In such a case, no tangible difference might be detect-
able by a person skilled in the art between the leaf chive unit
and the drive mechanism.

The term “drive mechanism” as used herein relates to
means adapted to displace the leaf in the adjusting direction.
Said means may be adapted to displace the leaf in only one
or in both orientations or ways (i.e. forwards and/or back-
wards) within the adjusting direction. The term “drive
mechanism” itself is not restricted to a specific mode of
operation, in fact a drive mechanism according to the term
used herein may generally be designed to operate in any
thinkable way, such as manually, motor- or electrically
driven, or according to the invention as outlined above, or
the like.

In a first optional and preferred embodiment of the leaf
module according to the invention, the drive mechanism
comprises a pressure cylinder. The pressure cylinder is well
suited to transfer a gas pressure being generated or being
available in the leaf drive unit to the leaf unit, in particular
by transforming said gas pressure into a displacing move-
ment of the leaf or the entire leaf unit. Within the pressure
cylinder, a gas pressure may act upon a member being
assigned to the leaf drive unit, or, in an alternative, it may as
well act upon a member being assigned to the leaf unit,
without departing from the inventive idea.

According to another particularly preferred embodiment,
the drive mechanism comprises a reservoir for compressed
gas, in particular wherein the reservoir communicates with
a pressure cylinder being comprised by the drive mecha-
nism. Said optional pressure cylinder has already been
referred to above. With a reservoir for compressed gas being
comprised by the drive mechanism, a remarkable variability
of the adjusting of the multi-leaf collimator may be
achieved. Accordingly, compressed gas may be available in
any gantry position, in particular any position differing from
the 0° initial position. No pressure line, electrical connection
to a pressure pump, or the like will be needed to be
connected to the drive mechanism when carrying out a
treatment cycle. The reservoir for compressed gas may be
adapted to be charged by a hand or foot pump, being
particularly suited for mid- or low-end radiotherapy
machines, possibly being run in remote areas. When con-
figuring the capacity of an optional reservoir for compressed
gas, the deflection curve (i.e. the spring characteristics) of
the drive mechanism operating based on pneumatic actua-
tion may be freely determined. It is preferred that the
capacity, i.e. the size of said reservoir be large compared to
the volume of an optional pressure cylinder as outlined
above. Thus, a particularly preferred flat load deflection
curve of the drive mechanism may be attained. Referring to
the fraction of the capacity (volume) of said reservoir and
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the combined volume of all optional pressure cylinders
being supplied by one reservoir, a number of between 5 and
10 is particularly preferred.

In addition or alternatively, according to another particu-
larly preferred embodiment, the drive mechanism comprises
a piston, wherein the piston is linked directly or indirectly to
the leaf unit, and wherein a displacement of the piston
results in a displacement of the leaf unit. Said piston is
particularly suited to interact with an optional pressure
cylinder being comprised by the drive mechanism, as out-
lined above. Thus, in a further embodiment, the drive
mechanism comprises both a pressure cylinder as outlined
above and a piston which is displaceably arranged in the
adjusting direction within the pressure cylinder, transform-
ing the pressure applied to the cylinder into a displacing
movement of the leaf or the entire leaf unit. Here, such a
piston is defined as forming a part of the drive mechanism
due to the above generation of a displacing movement.
Nevertheless, a person skilled in the art could as well regard
such a piston being linked directly or indirectly to the leaf
unit as forming a part of the leaf unit, however without
departing from the underlying inventive idea.

An optional piston as outlined above may comprise a
sealing element, in particular an o-ring. Said sealing element
proves to be particularly beneficial in case the piston is
adapted to be arranged in a pressure cylinder as outlined
above.

In an optional further embodiment of the leaf module
according to the invention, the leaf unit comprises a guiding
rod extending in the adjusting direction, wherein the guiding
rod is a separate part being attached to the leaf, or wherein
the guiding rod is an integral part of the leaf, in particular
wherein the guiding rod is linked to a piston being com-
prised by the drive mechanism. Said optional piston has
been outlined above in detail. Employing a guiding rod as
proposed here yields several benefits. First of all, the leaf
which normally comprises heavy and expensive material
may be of smaller length, as the guiding rod will provide
sufficient range for the displacement of the leaf unit. Con-
sequently, the entire leaf module may be constructed lighter
and more compact. Additionally, for the displacing and
adjusting of the leaf unit, a defined interaction of the leaf
drive unit with the guiding rod instead of the much larger
leaf may be envisaged, yielding a substantial advantage with
regards to the precision of adjustment.

Further optionally, related to embodiments with a leaf unit
comprising a guiding rod being separately attached to the
leaf, the guiding rod may be attached to the leaf by form-
fitting and/or force-locking, in particular wherein the guid-
ing rod may be inserted into a channel located on the surface
of the leaf, wherein the channel represents a negative pattern
of the shape of the guiding rod. According to this embodi-
ment, the guiding rod is safely and easily attachable to the
leaf, nevertheless without enlarging the thickness of the leaf
unit and thus retaining the compactness of the leaf unit and
the entire leaf module. Hence, it will be preferred that the
outer surface of the guiding rod and the surrounding surface
of the leaf are arranged in one single joint plane.

Further, related to embodiments with a leaf unit compris-
ing a guiding rod, in another optional embodiment the
guiding rod is displaceably arranged in a pressure cylinder
being comprised by the drive mechanism, in particular
wherein the pressure cylinder provides a linear guidance to
the guiding rod. Details of said optional pressure cylinder
have already been outlined above.

According to a more general optional embodiment, the
leaf drive unit is designed to displace the leaf unit in the
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adjusting direction and additionally provide guidance to the
leaf unit with respect to any direction being oriented per-
pendicularly related to the adjusting direction. By combin-
ing the tasks to displace the leaf unit in the adjusting
direction and additionally provide aforesaid guidance to the
leaf within the leaf drive unit, a leaf module with compact
design providing very precise and stable adjustability of the
leaf unit may be obtained.

The term “guidance” as used herein refers to a technical
effect achieved by appropriate means which properly
impedes the leaf unit from deviating from the axis repre-
sented by the adjusting direction by a non-tolerable value. In
the above optional embodiments referring to said guidance,
further guiding or guide elements assigned to the leaf unit
and not comprised by the leaf drive unit may be constructed
less complex compared to the known art or may even
become unnecessary.

According to another preferred embodiment of the leaf
module according to the invention, the leaf drive unit
comprises further drive mechanisms. In total, the leaf drive
unit may not only comprise one, but may optionally com-
prise two or more drive mechanisms, if appropriate. A
preferred embodiment comprises a drive mechanism oper-
ated based on pneumatic actuation according to the inven-
tion to displace the leaf forwards within the adjusting
direction, i.e. towards the radiation beam or the template, if
applicable. Additionally, in this embodiment, the leaf drive
unit comprises a second drive mechanism in order to retract
the leaf from the beam or the template, if applicable. With
other words, said optional second drive mechanism is
adapted to displace the leaf backwards within the adjusting
direction. It is noted that the term “second drive mechanism”
as used herein refers to an optional mechanism to retract the
leaf which, compared to the drive mechanism as outlined in
the preceding parts of this specification, does not necessar-
ily, but may operate based on pneumatic actuation.

In a further embodiment of the leaf module, the leaf
material comprises a high density material, in particular
brass, lead or tungsten. Tungsten has been found to have the
capacity to very effectively shield beams from selected areas
and is widely used in modern linac apparatuses. However, it
is noted that brass leaf material may be obtained at approxi-
mately Yo of the price for tungsten. Due to the impaired
shielding capacity of brass compared with tungsten, how-
ever, brazen leaves will usually have to exhibit approx. twice
the height of comparable tungsten leaves. Nonetheless,
brazen leaves may be preferred in particular for mid- to
low-end multi-leaf collimators and radiotherapy machines,
respectively. Generally, any material, in particular high
density material, which has the capacity to shield beams,
may be employed as leaf material in order to implement the
invention.

In a second major aspect of the invention, a multi-leaf
collimator is disclosed, wherein the multi-leaf collimator
comprises a plurality of leaf modules according to the
invention. Relating to the essence and features of the multi-
leaf collimator according to the invention, reference is at
first made to all previous paragraphs of this specification. In
other words, the essence and benefits of the multi-leaf
collimator according to the invention will already become
manifest from the previous paragraphs describing aspects of
the leaf module. Also, it is obvious that within the multi-leaf
collimator according to the invention, any embodiment or
any combination of aspects of the leat module according to
the invention as specified in the previous parts of this
specification may be employed. When being employed
within the multi-leaf collimator according to the invention,
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it is understood that the leaf module according to the
invention and/or further aspects of the leaf module accord-
ing to the optional embodiments as explained above, also
aspects being combined, will yield the advantageous effects
as described above also with relation to the multi-leaf
collimator.

In a first further optional embodiment of the multi-leaf
collimator according to the invention, the multi-leaf colli-
mator is adapted for application in a Cobalt-60 radiotherapy
apparatus. The persistent significance of said Co-60 radio-
therapy machines for radiation therapy has been outlined
above. The underlying invention is regarded to be particu-
larly suitable for being employed in Co-60 radiotherapy
machines or in mid- and low-end linac apparatuses, but is
not restricted thereto. Corresponding advantageous effects
of the invention regarding such applications have already
been outlined, and full reference is made to these explana-
tions. With the underlying invention, a leaf module and thus
also a multi-leaf collimator being as compact as possible
may be designed, wherein a simple, reliable and variable
adjustability of the leaf unit is achievable. Said benefits do
particularly well match the requirement profile for Co-60
and/or mid- to low-end linac machines, in particular if
radiotherapy has to be provided in remote regions and/or
with insufficiently qualified medical and maintenance staff
and/or with limited financial resources. In particular, accord-
ing to the invention, a multi-leaf collimator may be provided
which operates being independent of a power network.

In yet a further embodiment of the multi-leaf collimator
according to the invention, two assemblies of leaf modules
are provided, wherein each assembly comprises a plurality
of leaf modules according to the invention, and wherein the
leaf modules of each assembly face each other. Conse-
quently, by adjusting the leaf units facing each other in their
respective adjusting direction, an area of arbitrary shape, in
particular any contour of a treatment object, for example a
tumor, can be recreated for beam application.

Summarizing, the following embodiments are preferred
embodiments of the present invention:

EMBODIMENT 1

A leaf module for a multi-leaf collimator comprising a
leaf unit and a leaf drive unit, wherein the leaf unit com-
prises a leaf for shielding beams from a selected area, and
the leaf unit is mounted displaceably in an adjusting direc-
tion, wherein the leaf drive unit is designed to displace the
leaf unit linearly in the adjusting direction, and wherein the
leaf drive unit comprises at least one drive mechanism,
characterized in that the drive mechanism operates based on
pneumatic actuation.

EMBODIMENT 2

The leaf module according to the preceding embodiment,
characterized in that the drive mechanism comprises a
pressure cylinder.

EMBODIMENT 3

The leaf module according to any one of the preceding
embodiments, characterized in that the drive mechanism
comprises a reservoir for compressed gas, in particular
wherein the reservoir communicates with a pressure cylinder
being comprised by the drive mechanism.

EMBODIMENT 4

The leaf module according to any one of the preceding
embodiments, characterized in that the drive mechanism
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comprises a piston, wherein the piston is linked directly or
indirectly to the leaf unit, and wherein a displacement of the
piston results in a displacement of the leaf unit.

EMBODIMENT 5

The leaf module according to the preceding embodiment,
characterized in that the piston comprises a sealing element,
in particular an o-ring.

EMBODIMENT 6

The leaf module according to any one of the preceding
embodiments, characterized in that the leaf unit comprises a
guiding rod extending in the adjusting direction, wherein the
guiding rod is a separate part being attached to the leaf, or
wherein the guiding rod is an integral part of the leaf, in
particular wherein the guiding rod is linked to a piston being
comprised by the drive mechanism.

EMBODIMENT 7

The leaf module according to the preceding embodiment,
characterized in that the guiding rod is displaceably arranged
in a pressure cylinder being comprised by the drive mecha-
nism, in particular wherein the pressure cylinder provides a
linear guidance to the guiding rod.

EMBODIMENT 8

The leaf module according to any one of the preceding
embodiments, characterized in that the leaf drive unit is
designed to displace the leaf unit in the adjusting direction
and additionally provide guidance to the leaf unit with
respect to any direction being oriented perpendicularly
related to the adjusting direction.

EMBODIMENT 9

The leaf module according to any one of the preceding
embodiments, characterized in that the leaf comprises a high
density material, in particular brass, lead or tungsten.

EMBODIMENT 10

A multi-leaf collimator, characterized by a plurality of
leaf modules according to any one of the preceding embodi-
ments.

EMBODIMENT 11

The multi-leaf collimator according to the preceding
embodiment, characterized in that the multi-leaf collimator
is adapted for application in a Cobalt-60 radiotherapy appa-
ratus.

EMBODIMENT 12

The multi-leaf collimator according to any one of the two
preceding embodiments, characterized by two assemblies of
leaf modules, wherein each assembly comprises a plurality
of leaf modules according to any one of embodiments 1 to
9, and wherein the leaf modules of each assembly face each
other.

In the following, the invention will further be explained
by way of both schematic and exemplary drawings. In the
figures, identical reference numbers refer to identical com-
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ponents or components having the same or similar functions.
Thus, such components and referring reference numbers
might not be repeatedly explained with regard to each figure,
and explanations given on the occasion of preceding figures
are referred to in such cases. In the figures, aspects of the leaf
module and also aspects of the multi-leaf collimator accord-
ing to the invention will be explained referring to preferred
embodiments. While explaining aspects of the leaf module
according to the invention, reference will also be made to
aspects of the multi-leaf collimator according to the inven-
tion. The exemplary embodiments related to in the figures
and the referring explanations are merely given for illustra-
tive purposes, and the invention is not restricted to these
embodiments.

Shown are in

FIG. 1 in a predominantly schematic side view a first
exemplary embodiment of the leaf module according to the
invention,

FIG. 2 in a predominantly schematic perspective view a
second exemplary embodiment of a leaf module according
to the invention, shown with both retracted and extended
leaf unit,

FIG. 3 two views of details pertaining to both embodi-
ments according to FIGS. 1 and 2, and

FIG. 4 in a predominantly schematic perspective view an
exemplary embodiment of the multi-leaf collimator accord-
ing to the invention, illustrating the insertion of a template
and the adjusting of the collimator.

FIG. 1 discloses in a predominantly schematic side and
partly sectional view a first exemplary embodiment of the
leaf module 102 according to the invention. The leaf module
102 comprises a leaf unit 104 and a leaf drive unit 106,
wherein the leaf unit 104 comprises a leaf 108 for shielding
beams from a selected area. The beams will usually be
emitted from a radiation source (not shown) which is
arranged above the leaf module 102, referring to the illus-
tration shown with FIG. 1. Hence, the plane of the leaf 108
will usually extend in the direction of the beam propagation.

The leaf unit 104 is mounted displaceably in an adjusting
direction 110. The adjusting direction 110 will usually be
oriented perpendicularly with respect to the direction of the
radiation beam propagation (not shown). The leaf drive unit
106 is designed to displace the leaf unit 104 linearly in the
adjusting direction 110, wherein the leaf drive unit 106
comprises a drive mechanism 112 for displacing the leaf 108
in the adjusting direction 110. According to the invention,
said drive mechanism 112 operates based on pneumatic
actuation.

In this embodiment, the drive mechanism 112 is particu-
larly suited to displace the leaf unit 104 directed forwards
within the adjusting direction 110, i.e. directed to the right
side with respect to the illustration shown with FIG. 1, which
corresponds to the usual position of a radiation being
arranged above the leaf 104, or the usual position of a
template, if applicable.

For this purpose, the drive mechanism 112 comprises a
pressure cylinder 114. The pressure cylinder 114 generally
serves to apply pressure being available or generated within
the leaf drive unit 106 directly or indirectly to the leaf unit
104 in order to displace the leaf unit 104 and, simultane-
ously, the leaf 108 in the adjusting direction 110. In detail,
the drive mechanism 112 comprises a piston 116, wherein
the piston 116 is linked indirectly to the leaf unit 104, and
wherein a displacement of the piston 116 results in a
displacement of the leaf unit 104.

It is well visible according to FIG. 1 that the piston 116
is displaceably arranged in the adjusting direction 110 within
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the pressure cylinder 114. In order to prevent the leakage of
gas being applied from the drive mechanism 112 side of the
leaf module 102, the piston 116 comprises a sealing element
118, which comprises an o-ring 120 according to this
embodiment.

Additionally, according to this embodiment, the drive
mechanism 112 comprises a reservoir 122 for compressed
gas, wherein the reservoir 122 communicates with the
pressure cylinder 114 also being comprised by the drive
mechanism 112. The capacity of the reservoir 122 is large
compared to the volume of the pressure cylinder 114 in order
to attain a flat load deflection curve exhibited by the drive
mechanism 112. Also, it is possible to provide one single
reservoir 122 supplying compressed gas to several or all
drive mechanisms 112 being comprised by at least one side
of a multi-leaf collimator (not shown in this figure). The
reservoir 122 may for instance be charged with compressed
gas using an external or internal (i.e. being arranged within
or on the radiotherapy apparatus) hand or foot pump, or an
external or internal motor-driven pump (not shown).

The leaf unit 104 as illustrated in FIG. 1 further comprises
a guiding rod 124 extending in the adjusting direction 110,
wherein the guiding rod 124 is attached to the leaf 108, and
wherein the guiding rod 124 is linked to the piston 116 being
comprised by the drive mechanism 112. Thus, the leaf unit
104 is linked indirectly to the piston 116 via the guiding rod
124. By being displaceably arranged in the pressure cylinder
114, the guiding rod 124 is also linearly guided by the
pressure cylinder 114. Thus, here, the leaf drive unit 106 is
designed to displace the leaf unit 104 in the adjusting
direction 110 and additionally provide guidance to the leaf
unit 104 with respect to any direction being oriented per-
pendicularly related to the adjusting direction 110.

The leaf 108 may comprise brass for both reduced costs
and satisfactory shielding capacity.

Finally, the leaf module 102 according to the embodiment
illustrated in FIG. 1 also comprises a second drive mecha-
nism 126 in order to retract the leaf 108 from the radiation
beam or the template, if applicable. With other words, said
second drive mechanism 126 is adapted to displace the leaf
108 backwards (i.e. directed to the left side according to
FIG. 1) within the adjusting direction 110. The second drive
mechanism 126 comprises an engagement member 128
extending perpendicularly through a slot hole 130 within the
leaf 108. The engagement member 128 may extend through
each leaf 108 of an assembly (not shown here) of leaves 108
within a multi-leaf collimator. Thus, by activating the
engagement member 128 to move backwards (i.e. to the left
side of FIG. 1) all adjacent leaves 108 may simultaneously
be retracted from the beam or from the template, if appli-
cable. The second drive mechanism 126, in particular the
engagement member 128, may for instance be operated
manually, motor-driven, pneumatically as well as the drive
mechanism 112, or the like.

It is noted that the term “second drive mechanism” as used
herein refers to an optional mechanism 126 to retract the leaf
108 which, compared to the drive mechanism 112 as out-
lined above does not necessarily, but may operate based on
pneumatic actuation.

FIG. 2 illustrates in a predominantly schematic, perspec-
tive and partly sectional view a second exemplary embodi-
ment of a leaf module 102 according to the invention, shown
with both retracted (top of FIG. 2) and extended (bottom of
FIG. 2) leaf unit 104. It is noted that the embodiment of the
leaf module 102 according to the invention as shown in FIG.
2 is identical to the embodiment shown in FIG. 1 except for
the fact that the embodiment of FIG. 2 is not illustrated with
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an optional second drive mechanism due to reasons of
clarity. Hence, for the explanation of all other features as
shown in FIG. 2, full reference is made to the detailed
specification given with relation to FIG. 1 in order to avoid
repetitions.

From the illustration of FIG. 2, the mode of operation of
the drive mechanism 112 according to this embodiment of
the leaf module 102 is well comprehensible. For improving
clarity, the reservoir 122 and the pressure cylinder 114 are
shown in a sectional view. The pressurized gas supplied by
the reservoir 122 serves to displace the piston 116 forwards
in the adjusting direction 110. The piston 116 is linked
indirectly to the leaf 108 via the guiding rod 124 which is
attached to the leaf 108. Thus, by displacing the piston 116,
the leaf unit 104 and in particular the leaf 108 will be
displaced, allowing a precise adjusting of the leaf unit 104.

FIG. 3 illustrates two views of details pertaining to both
embodiments of the leaf module 102 according to FIGS. 1
and 2. With other words, said views equally pertain to each
embodiment of FIG. 1 and FIG. 2 as these embodiments are
identical with respect to the sections shown according to
FIG. 3.

In the upper illustration of FIG. 3, a detailed view of the
section located in between the reservoir 122 and the leaf 108
is provided. Both reservoir 122 and pressure cylinder 114 are
again shown in a sectional illustration. The mode of dis-
placement of the piston 116 within the pressure cylinder 114
is well comprehensible here. Also, it becomes apparent that
some substantial linear guidance for the piston 116 and the
guiding rod 124 linked thereto is provided by the pressure
cylinder 114 when the displacement takes place.

The lower illustration of FIG. 3 shows, in a sectional side
view, details of the mounting of the piston 116 and the
guiding rod 124 within the pressure cylinder 114. For
preventing a leakage of gas being provided from the drive
mechanism side, the piston 116 comprises a sealing element
118, i.e. an o-ring 120, snugly fitting the clearance between
the piston 116 and the pressure cylinder 114.

FIG. 4 illustrates in a predominantly schematic perspec-
tive view an exemplary embodiment of the multi-leaf col-
limator 132 according to the invention, illustrating the
insertion of a template 134 and the adjusting of the colli-
mator 132. The collimator 132 comprises a plurality of leaf
modules 102 according to the invention. The embodiment of
the leaf modules 102 as shown in the collimator 132 of FIG.
4 is identical with the embodiment as illustrated in FIG. 2,
as no optional second drive mechanism is shown here due to
reasons of clarity. The multi-leaf collimator 132 according to
FIG. 4 comprises two assemblies 136 of leat modules 102,
wherein each assembly 136 comprises a plurality of leaf
modules 102 according to the embodiment of FIG. 2, and
wherein the leaf modules 102 of each assembly 136 face
each other. It is noted that a radiation source (not shown) will
usually be arranged above the center line of the collimator
132, i.e. above the template 134.

The adjusting of the collimator 132, i.e. the leaf units 104,
with respect to the adjusting direction 110 also becomes
apparent from FIG. 4. In the initial position, the leaf units
104 will be retracted from the center line, i.e. the radiation
source by a distance being sufficient to allow insertion of the
template 134. The initial position may be attained by retract-
ing the leaves 108 with optional second drive mechanisms as
outlined above (not shown here). However, the retracting
may also be achieved with the drive mechanisms 112, if
suitably designed, or manually. After the template 134 has
been inserted (as indicated according to FIG. 4) the drive
mechanisms 112 will be activated, displacing each leaf 108
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forwards in the adjusting direction 110 until abutting with
the template 134. Hence, the beam shape for the subsequent
irradiation cycle has been established. The template 134 may
now remain jammed between the assemblies 136, or it may
be removed if suitable means (not shown) for locking the
leaves 108 in their adjusting position are available.

It is noted that according to this embodiment, each
assembly 136 of leaf modules 102 comprises one single
reservoir 122 for compressed gas. Thus, when applying a
pressure, each leaf 108 may automatically be subject to one
identical force acting in the adjusting direction 110. Thus, a
very simple but effective embodiment is attained here. In an
alternative, one single reservoir for compressed gas may be
provided, corresponding with and simultaneously supplying
both assemblies 136. Differing embodiments may however
also be designed, with optional valves regulating the gas
pressure for each pressure cylinder 114, and/or with different
pressure cylinders 114 with varying diameter, thus varying
the force being exerted upon a corresponding piston.

The multi-leaf collimator 132 is regarded to be particu-
larly suitable for being employed in Co-60 radiotherapy
machines or in mid- and low-end linac apparatuses, but is
not restricted thereto. The collimator 132 and the leaf
module 102 according to the invention may exhibit a com-
pact design, wherein a simple, reliable and variable adjust-
ability of leaf units 104 is achievable. Said benefits do
particularly well match the requirement profile for afore-
mentioned machines, in particular if radiotherapy has to be
provided in remote regions, in particular with no or no
reliable power network, and/or with insufficiently qualified
medical and maintenance staff and/or with limited financial
resources.

LIST OF REFERENCE SYMBOLS

102 leaf module

104 leaf unit

106 leaf drive unit

108 leaf

110 adjusting direction (leaf unit)
112 drive mechanism

114 pressure cylinder

116 piston

118 sealing element (piston)

120 o-ring (sealing element)

122 reservoir (for compressed gas)
124 guiding rod

126 second drive mechanism

128 engagement member

130 slot hole

132 multi-leaf collimator

134 template

136 assembly (of leaf modules)

The invention claimed is:
1. A multi-leaf collimator comprising:
a plurality of leaf modules, each leaf module comprising
a leaf unit comprising a leaf for shielding beams from
a selected area, the leaf unit being mounted displace-
ably in an adjusting direction, and
a leaf drive unit configured to displace the leaf of the
leaf unit linearly in the adjusting direction, the leaf
drive unit comprising at least one drive mechanism
that operates based on pneumatic actuation, and
a single reservoir for compressed gas configured to supply
compressed gas to several or all drive mechanisms that
comprise at least one side of the multi-leaf collimator,
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wherein the at least one side of the multi-leaf collimator

includes more than one leaf module, and

wherein the drive mechanism comprises a pressure cyl-

inder.

2. The multi-leaf collimator according to claim 1, wherein
the single reservoir communicates with a pressure cylinder
being comprised by the drive mechanism.

3. The multi-leaf collimator according to claim 1, wherein
the drive mechanism further comprises a piston,

wherein the piston is linked directly or indirectly to the

leaf unit, and

wherein a displacement of the piston results in a displace-

ment of the leaf unit.

4. The multi-leaf collimator according to claim 3, wherein
the piston comprises a sealing element.

5. The multi-leaf collimator according to claim 4, wherein
the sealing element is an o-ring.

6. The multi-leaf collimator according to claim 1, wherein
the leaf unit comprises a guiding rod extending in the
adjusting direction, and

wherein the guiding rod is a separate part being attached

to the leaf.

7. The multi-leaf collimator according to claim 6, wherein
the guiding rod is displaceably arranged in a pressure
cylinder being comprised by the drive mechanism.

8. The multi-leaf collimator according to claim 7, wherein
the pressure cylinder provides a linear guidance to the
guiding rod.

9. The multi-leaf collimator according to claim 6, wherein
the guiding rod is linked to a piston being comprised by the
drive mechanism.
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10. The multi-leaf collimator according to claim 1,
wherein the leaf drive unit is configured to displace the leaf
unit in the adjusting direction and additionally provide
guidance to the leaf unit with respect to any direction being
oriented perpendicularly related to the adjusting direction.

11. The multi-leaf collimator according to claim 1,
wherein the leaf comprises a high density material.

12. The multi-leaf collimator according to claim 11,
wherein the high density material is selected from the group
consisting of brass, lead and tungsten.

13. The multi-leaf collimator according to claim 1,
wherein the multi-leaf collimator comprises two assemblies
of leaf modules, wherein the leat modules of each assembly
face each other.

14. The multi-leaf collimator according to claim 13,
wherein each assembly of leaf modules comprises one single
reservoir for compressed gas.

15. The multi-leaf collimator according to claim 13,
wherein the multi-leaf collimator is configured for applica-
tion in a Cobalt-60 radiotherapy apparatus.

16. The multi-leaf collimator according to claim 13,
wherein a single reservoir for compressed gas is provided
and configured to correspond with and simultaneously sup-
ply the two assemblies of leaf modules.

17. The multi-leaf collimator according to claim 1,

wherein the leaf unit comprises a guiding rod extending in

the adjusting direction, and

wherein the guiding rod is an integral part of the leaf.

18. The multi-leaf collimator according to claim 17,
wherein the guiding rod is displaceably arranged in a
pressure cylinder being comprised by the drive mechanism.

#* #* #* #* #*



